Sodium picosulfate, used in combination with magnesium oxide and citric acid for bowel cleansing, can result in dehydration. We investigated whether enhanced carbohydrate fluid intake pre-colonoscopy could mitigate this effect. We enrolled 398 elective colonoscopy patients in a prospective, controlled, single-blinded study. The control group (n=194) fasted routinely (minimum seven hours) whilst the treatment group (n=197) drank 1,200 ml carbohydrate solution leading up to admission (up until two hours pre-colonoscopy). On admission a patient survey was completed, and urine specific gravity obtained. Supine blood pressure and pulse rate were measured, and repeated within three minutes of standing. The carbohydrate group had reduced symptoms and signs of dehydration, including thirst (34% versus 65%, P <0.001), dry mouth (45% versus 59%, P=0.008), dizziness (10% versus 20%, P=0.010), lower mean urine specific gravity (1.007 versus 1.017, P <0.001), lower incidence of orthostatic hypotension (2.6% versus 11%, P <0.001), and lower mean erect pulse rate (78 versus 81 /minute, P=0.047). The postural change in systolic blood pressure was less in the treatment group (mean -0.4 mmHg, median -1 mmHg [interquartile range, IQR -7 to 7]) than in the control group (mean -4.1 mmHg, median -1 mmHg [IQR -12 to 3], P=0.028).
Sodium picosulfate, formulated with magnesium oxide and citric acid (PicoPrep®, Fresenius Kabi, Mount Kuring-Gai, New South Wales), is commonly used for preparing the bowel for colonoscopy. It is a low-volume preparation, achieving bowel cleansing by means of osmotic activity and direct stimulation of the bowel wall 1 . Although well tolerated by healthy volunteers 2 , it may result in dehydration, as evidenced by dry mucous membranes, decreased skin turgor, headache, irritability, weight loss, increased urine specific gravity, increase in haemoglobin concentration, and orthostatic hypotension [3] [4] [5] [6] . Susceptible patients, such as the elderly, diabetic patients, renal failure patients and patients with ischaemic heart disease are more likely to suffer unwanted sequelae from dehydration and hypovolaemia 7, 8 .
Several studies have examined various regimens (electrolyte/glucose solutions, water, or unrestricted clear fluids) in an attempt to reduce some of these unwanted effects 9, 10 . Barclay et al demonstrated that the intake of carbohydrate drinks protects against intravascular depletion whilst taking sodium phosphate for bowel preparation, and to a greater extent than water intake alone. However, the procedures reported in this study were performed in the morning and within reasonable time expectation 9 . In many hospitals, patients scheduled on afternoon endoscopy lists are frequently subjected to prolonged periods of fasting. The American Society of Anesthesiologists supports the safe intake of clear fluids up to two hours prior to a general anaesthetic or sedation 11 . Fasting times greater than this add to patient inconvenience of preparing for colonoscopy and may also exacerbate the inherent risk of dehydration associated with bowel preparation.
The present study investigated whether the signs and symptoms of dehydration could be reduced in patients taking sodium picosulfate-and who were also subjected to prolonged fasting periods-by encouraging oral hydration with carbohydrate fluids in the immediate pre-colonoscopy period. We selected orthostatic hypotension and erect heart rate changes as primary indicators of dehydration, indicating substantial intravascular volume depletion, as they are easily measured, inexpensive, non-invasive and carry diagnostic value 7, 8 . We defined orthostatic hypotension as a decrease in blood pressure of at least 20 mmHg (systolic) or 10 mmHg (diastolic), within three minutes of assuming the standing position from the supine position. An orthostatic increase of pulse rate is regarded as significant when an increase of ten beats per minute or more occurs when changing from the supine to the standing position 7 . In addition, we included dry tongue, thirst, headache, dizziness (indicating mild dehydration) and urine specific gravity (indicating moderate to severe dehydration) 4, 5, 12, 13 .
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Materials and methods
After obtaining approval from the Human Research Ethics Committee at St George Hospital, Sydney (approval number HREC/11/STG/176) we conducted a controlled, single-blinded study between April 2012 and May 2015, registered with ANZCTR (ACTRN 12616001300460). Pre-admission clinic staff members recruited patients to the trial, obtained written informed consent and allocated patients in turn (i.e. by odd or even number) to either the control group or the treatment group (Figure 1 ). Staff members responsible for selection and allocation processes were not involved in the subsequent procedure.
Patients in the carbohydrate drinks group were supplied with 1,200 ml Gatorade (PEPSICO, Purchase, NY, USA, each 600 ml serving containing carbohydrate 36 g, sodium 13.7 mmol, potassium 3.6 mmol), and instructed to consume this on the day of their procedure between 0700 and 1100 hours (time of admission).
All medical observers remained uninformed of patient allocation on the day of admission and colonoscopy. Patients were presented with a questionnaire upon admission, relating to symptoms of dehydration and wellbeing. These questions required a simple 'yes' or 'no' response. Before the procedure, patients from both groups were asked to produce a urine sample, and urine specific gravity was measured using a handheld PAL-10S refractometer (ATAGO™, Tokyo, Japan), while blood pressure and pulse rate measurements were obtained by the same nursing staff members, using noninvasive, automated blood pressure equipment (Avant 2120, Nonin, MN, USA).
Subsequent anaesthesia was provided by senior trainees and consultant anaesthetists, and not standardised. To assess any difference in intraoperative stability between the two groups, we documented systolic and diastolic blood pressure values prior to induction of anaesthesia, as well as metaraminol and crystalloid requirements during maintenance of anaesthesia.
The proceduralist was requested to grade the quality of bowel preparation as 'good', 'average', 'poor' or 'unacceptable'. A general impression of bowel cleansing was relied upon, as no definitive criteria were provided to differentiate between these four groups. This data was appended to the questionnaire responses along with the results of the preoperative investigations.
The primary outcome measure of this study was the reduction in the incidence of orthostatic hypotension and pulse rate increase. We defined orthostatic hypotension as a decrease in blood pressure of at least 20 mmHg (systolic) or 10 mmHg (diastolic), within three minutes of assuming the standing position from the supine position. An orthostatic increase of pulse rate is regarded as significant when an increase of ten beats per minute or more occurs when changing from the supine to the standing position 7 . Orthostatic changes in blood pressure and pulse rate are reported to occur in 20% of patients receiving either sodium phosphate or picosulfate for bowel cleansing 9, 14 . To detect a reduction in the incidence of orthostatic changes from 20% to 10%, 199 patients were required in each group, allowing for P <0.05 and power of 80%. Secondary outcomes measured were those of symptoms of wellbeing, urine specific gravity, quality of bowel preparation and intravenous fluid and vasopressor requirements during maintenance of anaesthesia.
Data were analysed with Prism (GraphPad Software Inc., La Jolla, CA, USA). Continuous data were tested with Student's t-test or Mann-Whitney U test, and contingency tables with chi-square or Fisher's exact test.
Results
During pre-admission clinic attendance, 398 patients were identified and consented for participation. Seven patients were disqualified secondary to consent withdrawal or nonadherence to study protocol, with 391 patients completing the study ( Patients in the treatment group were less thirsty than those in the control group (34% versus 65%, P <0.001), they experienced a lower incidence of dry mouth (45% versus 59%, P=0.008) and reported a lower incidence of dizziness (10% versus 20%, P=0.010). The trial recorded no significant differences in the incidence of headache or overall patient satisfaction between the two groups ( Table 1 ). Patients in the The treatment group registered a significant reduction in the proportion of patients exhibiting a postural systolic blood pressure drop of 20 mmHg or more as compared to the control group (2.6% versus 11%, P <0.001). The postural change in systolic blood pressure was less in the treatment group (mean -0.4 mmHg, median -1 mmHg [IQR -7 to 7]) than in the control group (mean -4.1 mmHg, median -1 mmHg [IQR -12 to 3], P=0.028). There was no difference in the postural pulse rate change between the two groups, although the median (IQR) erect pulse was lower in the treatment group compared to the control group (77 [69 to 86] versus 79 /minute [70 to 91], P=0.047).
We found no significant differences in induction blood pressure values, or metaraminol and crystalloid requirements during maintenance of anaesthesia ( Table 2 ). The quality of bowel preparation was rated as 'good' in a higher percentage of patients in the treatment group compared to the control group (86% versus 73%, P=0.001).
Discussion
Our study is the largest to date examining the impact of enhanced fluid intake on the deleterious effects of sodium picosulfate bowel preparation and prolonged fasting. The results indicate that active hydration with carbohydratecontaining fluids results in a substantial reduction in the number of patients presenting with signs and symptoms of dehydration. The most statistically and clinically significant finding is the reduction in the incidence of orthostatic hypotension in patients hydrating with carbohydrate fluids, compared to those patients fasting routinely (2.6% versus 11%, P <0.001).
In healthy persons, the incidence of orthostatic hypotension ranges from 6% upwards, but can be as high as 68% amongst elderly patients in geriatric wards 15, 16 . The comparatively low incidence of orthostatic hypotension in the control group of the current study can be attributed to the elimination of unwell patients from the study by means of exclusion criteria (see Figure 1 ). An incidence of orthostatic hypotension of 20% was used in initial power analysis of this study, based on references. In fact, the incidence in the control group was much lower at 11%. If the power analysis was to be revised, this would increase the chance of a type-2 error (failure to find a significant difference).
The study population was relatively young, with a significant difference in mean age between the treatment and control groups (55.6 versus 60.1 years). A review of study design did not reveal any reason for this difference. However, we felt that an age difference of four years would be unlikely to produce a significant difference in the incidence of orthostatic hypotension in the sixth decade of life. This study does not reflect the beneficial effect of enhanced fluid intake in the elderly population preparing for endoscopy and taking picosulfate; this is perhaps one of the weak points in the study design. Further investigation may be indicated targeting the geriatric population.
Orthostatic hypotension is commonly caused by hypovolaemia, but it can also be at attributed to other causes such as increasing age, hypertension, medication and diabetes mellitus 17 . The current study protocol did not seek to identify the presence of these different comorbidities amongst the study participants. We included these patients in order to reflect the typical endoscopy population and maintain clinical relevance. However, the high urine specific gravity in the control group fasting for prolonged periods, compared to that of the treatment group, supports the notion that orthostatic hypotension was associated with hypovolaemia and dehydration.
Symptomatically, those patients hydrating with carbohydrate drinks experienced significantly less thirst, dizziness and dry mouth. Despite these findings, both control and treatment groups observed a high degree of general satisfaction with the process of bowel preparation. This can be explained by the design of the questionnaire, which did not interrogate the level of satisfaction, only allowing patients to select 'satisfied' or 'not satisfied'. An additional benefit was the better quality of bowel preparation in patients hydrating with carbohydrate drinks, as observed by the proceduralist at the time of colonoscopy.
The additional fluid intake was well tolerated by the patients in this study, and no complications of this method of hydration were reported through our Quality Assurance Program.
Carbohydrate-containing fluids are affordable and readily obtained, whilst their superiority to water as a hydrating agent has previously been illustrated in patients taking sodium phosphate for bowel preparation 9 . For this reason, carbohydrate drinks were selected in favour of water for the treatment group. This effectiveness results from its glucose content, which acts on the brush border of the intestinal epithelium, stimulating sodium and subsequent fluid absorption 18 . Until now, the ability to reduce intravascular depletion in patients taking sodium picosulfate by hydrating them with carbohydrate drinks has not been illustrated. In addition, patients in the study by Barclay et al had their endoscopies performed in the morning, and would not have been subjected to the excessive fasting periods of the patients in our study.
The results carry clinical application, as colonoscopies are commonly performed procedures, often on afternoon lists. As a result of current bowel preparation guidelines, it is possible that patients having their colonoscopy performed by 1600 could be fasting from 0600. This is putting large numbers of patients at risk of intravascular fluid deficit, as was illustrated in our study, with one in ten patients following routine fasting and preparation guidelines presenting with orthostatic hypotension. Furthermore, our findings lend support to established protocols, which recommend preoperative hydration and nutritional optimisation as part of a multimodal approach that results in enhanced recovery after surgery 19 .
Given the demonstrated benefits and ease of administration, we recommend that patients taking sodium picosulfate be encouraged to actively hydrate with carbohydrate-containing fluids up to two hours prior to endoscopy.
